Phylogenetic relationships among 51 individuals of South American mouse opossums (Thylamys) were examined by using nucleotide sequence data from the mitochondrial cytochrome-b gene. Parsimony, likelihood, Bayesian, and genetic distance analyses revealed several distinct clades. T. macrurus (subtropical forest of eastern Paraguay) was strongly differentiated from all other species. T. venustus (Yungas forest on eastern slopes of the Andes of Bolivia and Argentina) separated into 2 strongly supported clades, providing support for recognition of 2 species, T. venustus and T. cinderella, but not supporting the distinctness of T. sponsorius. T. tatei (central coast of Peru) was sufficiently different from T. elegans (Matorral of Chile) to support species recognition. The dichotomy between northern (Chile and Bolivia) and southern (Argentina) clades of T. pallidior suggested the presence of 2 subspecies. High levels of DNA sequence variation indicated substantial genetic differentiation among and between clades, and combined with the phylogenetic analyses provide support for the systematic conclusions. Estimates of times since divergence suggest a radiation beginning in the Miocene and continuing through the Pliocene and correspond with changes in climate, vegetation, and geology that occurred during these times.
macrurus, pallidior, pusillus, and velutinus) were recognized by Gardner (1993) . Support for Tate's (1933) recognition of T. venustus as a species distinct from T. elegans was presented by Palma and Yates (1998) . Members of the genus are widely distributed throughout the open dry and semiarid habitats of southern South America (e.g., Cerrado, Caatinga, Chaco, Argentine Monte Desert, Puna and Southern Andean Steppe, Patagonian Steppe, Sechura Desert, and Chilean Matorral), but also are found in more mesic environments (Yungas forests and subtropical moist forest or Parañá-Paraíba Interior ForestSolari 2003; Fig. 1 ). T. elegans is found west of the Andes in Chile and Peru. T. macrurus is restricted to the moist subtropical forests of eastern Paraguay. T. pallidior, the most broadly distributed of the species, occurs in the Andean highlands (up to elevations of 3,900 m) of southern Peru, northern Chile, western Bolivia, and Argentina. However, in Argentina, it also occurs in the mid-and lower elevations of the Southern Andean Steppe, the Monte Desert, and perhaps the Patagonian Steppe. T. pusillus likely is restricted to the Chaco of Paraguay, Argentina, and Bolivia. T. velutinus is found only in the Cerrado and Caatinga of Brazil. T. venustus occurs in the Yungas and associated forests in southern Bolivia and northern Argentina.
Although recent research based on morphological (Flores et al. 2000; Solari 2003 ) and molecular data (Kirsch and Palma 1995; Palma and Yates 1998; Palma et al. 2002; Patton et al. 1996) has addressed questions of monophyly and relationships among most species of Thylamys listed above, these studies generally have not had a broad geographical representation of samples. With the exception of Flores et al. (2000) , they lacked specimens from Argentina, which comprises a large component of the ranges of 3 of these species-venustus, pallidior, and pusillus. Thus, one purpose of this study was to examine the relationships of Thylamys from Argentina with other Thylamys from throughout the distribution of the genus to better understand the relationships of the constituent species, clarify taxonomic uncertainties that still remain, and provide directions for future research.
Second, we wanted to investigate the historical biogeography of the species of Thylamys to understand the radiation of the genus as it relates to the history of several major habitats in southern South America. The biogeographic hypotheses that have been proposed (Creighton 1984; Meynard et al. 2002; Palma 1995; Palma and Yates 1998; Palma et al. 2002; Solari 2003; Thomas 1902) have not arrived at a consensus and show a history of modification and revision as additional data have been incorporated in later studies. By using additional geographic samples of taxa heretofore underrepresented in previous studies, we wanted to examine the biogeography of the genus based on a phylogeny constructed from more complete data.
MATERIALS AND METHODS
DNA was extracted from heart, liver, kidney, muscle tissue samples, or museum skins by following standard protocols (Longmire et al. 1997 ) from 40 individuals of Thylamys from Argentina and Paraguay ( Fig. 1 ; Appendix I). The collection of specimens in the field followed American Society of Mammalogists animal care and use guidelines (Animal Care and Use Committee 1998) . The first 402 base pairs (bp) of the mitochondrial cytochrome-b gene were amplified by using primers MVZ05 and MVZ04 (Smith and Patton 1993) . Polymerase chain reaction amplifications were carried out in 50-ll reactions containing 200-500 ng of DNA, 5 ll of 10X buffer, 30 pmol of each primer, bovine serum albumin (BSA) at 0.8 mg/ml, 2.5 mM of MgCl 2 , 0.14 mM of each deoxynucleoside triphosphate, and 1 unit of Taq polymerase. The thermal profile consisted of an initial denaturation at 948C for 3 min, followed by 35 cycles of 948C for 45 s, 488C for 30 s, and 728C for 90 s, for 35 cycles. To ensure that all reactions had gone to completion, these 35 cycles were followed by an incubation at 728C for 30 min. Double-stranded amplicons were purified by using the Wizard PCR Prep DNA Purification System (Promega, Madison, Wisconsin) and sequenced in both directions by using Big-Dye chain terminators and a 377 automated DNA sequencer (Applied Biosystems, Inc., Foster City, California). AssemblyLIGN 1.0.9 (Oxford Molecular Group PLC, 1998) was used to piece together overlapping fragments of the cytochrome-b gene for each taxon. In addition to the 40 individuals sequenced in this study, orthologous cytochrome-b sequences from 11 additional representatives of Thylamys and 1 representative of Gracilinanus agilis were obtained from GenBank. All 52 sequences were aligned using default options in CLUSTAL X (Thompson et al. 1997 ) and imported into MacClade (Maddison and Maddison 2000) for visual inspection.
For phylogenetic analysis, nucleotides were coded as unordered, discrete characters and character-state changes were polarized by designating G. agilis as the outgroup. The selection of Gracilinanus as the outgroup is supported by studies that used DNA-DNA hybridization Kirsch and Palma 1995) , allozymes (Palma and Yates 1998) , and nuclear interphotoreceptor retinoid-binding protein (Jansa and Voss 2000) gene sequences. Lestodelphys, which in some studies has been shown to be sister to Thylamys, was not used because samples or cytochrome-b sequences were not available. Phylogenetic relationships within Thylamys were estimated based on maximum likelihood, unweighted parsimony, and minimum evolution and were performed by using options in PAUP (Swofford 2000) . Additionally, Bayesian phylogenetic analysis was performed by using MrBayes (Huelsenbeck and Ronquist 2001) . Before maximum-likelihood analysis, the most appropriate model of DNA sequence evolution was evaluated by using the program ModelTest (Posada and Crandall 1998) . ModelTest chose the HKYþÀþI model with the following parameters as best fitting our data: base frequencies ¼ 0.3044, 0.2747, 0.1168, 0.3041; nst ¼ 2; Tratio ¼ 4.3303; rates ¼ gamma with shape parameter (a) ¼ 1.7544, and proportion of invariant sites (I) ¼ 0.5050. To evaluate the stability of clades on the optimal tree, we performed a bootstrap analysis with 100 replications and nearest-neighbor interchange branch-swapping. The null hypothesis that DNA sequence evolution is proceeding in a clocklike fashion was tested by calculating the log likelihood score of the model chosen by ModelTest with a molecular clock enforced in PAUP and comparing these results without enforcing a molecular clock with the degrees of freedom being the number of operational taxonomic units À 2 (Posada and Crandall 1998) .
For unweighted parsimony, all character-state changes were assigned equal weight and phylogenetic relationships were estimated by using a heuristic search with 25 random additions of input taxa and tree bisection and reconnection branch-swapping. Reliability of clades on the most parsimonious tree(s) was evaluated via 1,000 heuristic bootstrap iterations with 25 random additions of input taxa, tree bisection and reconnection branch-swapping, and maximum number of trees saved (MaxTrees) ¼ 200 per iteration. Minimum evolution analysis was performed with the Kimura 2-parameter correction (Kimura 1980) , with reliability of resulting clades estimated with 1,000 bootstrap iterations and tree bisection and reconnection branchswapping. This model of nucleotide evolution was chosen to allow comparison of percentage sequence divergence between taxa in this study and recommendations of Bradley and Baker (2001) regarding the use of cytochrome-b sequence difference for the evaluation of cryptic genetic species.
As an independent measure of phylogenetic relationships and clade composition, we performed Bayesian phylogenetic analyses (Huelsenbeck and Ronquist 2001) . For this analysis, we used the GTRþÀ model of sequence evolution with site-specific rate variation calculated for each of the 3 positions of the codon via the ''ssgamma'' option in MrBayes. Starting trees were random without constraints, 4 simultaneous Markov chains were run for 5 Â 10 6 generations, trees were sampled every 10 generations, and ''temperature'' was set to 0.02. Resulting burn-in values (the point at which model parameters and tree scores reach stationarity) were empirically determined based upon evaluation of likelihood scores. Three independent runs of MrBayes were conducted to ensure that final trees converged upon the same topology.
Percentage sequence divergence within and among species of Thylamys were computed based on Kimura 2-parameter corrected distances. We also calculated percentage sequence divergence based on 3rd-position transversion substitutions by using MEGA2 (molecular evolutionary genetic analysis software), version 2.2 (Kumar et al. 2001) , and these levels of sequence divergence were used to estimate possible times of divergence among major clades on our resulting phylogenetic tree by following Patton et al. (1996) . Five estimates are presented; 4 are based on assumptions of divergence dates from the fossil record (Kirsch et al. 1993; Reig et al. 1987 ) and 1, for placental mammals, is based primarily on divergence within Artiodactyla (Irwin et al. 1991) .
RESULTS
We sequenced the first 402 bp of the mitochondrial cytochrome-b gene from 40 individuals and those sequences have been deposited in GenBank (accession numbers: AY803297-AY803336) were constant. Of the 157 sites that were variable, 30 were at the 1st codon position, 16 at the 2nd codon position, and 111 at the 3rd codon position. Maximumlikelihood analysis produced a single optimal tree of length À2,172.10 (Fig. 2) ; statistical testing of these data with and without enforcement of a molecular clock could not reject the null hypothesis that these data are evolving in a clocklike manner. Maximum likelihood bootstrap analysis revealed 15 clades supported in !70% of the bootstrap iterations (Fig. 2) . Unweighted parsimony analysis resulted in 5,291 equally parsimonious trees of 343 steps (consistency index, excluding uninformative characters ¼ 0.539; retention index ¼ 0.886). Although there were a large number of equally parsimonious trees, the overall topology of these trees was identical to that revealed by the maximum-likelihood analysis. A 50% majorityrule consensus tree revealed that the large number of equally parsimonious trees was primarily due to lack of phylogenetic resolution among individuals within larger clades detected in most equally parsimonious trees. Bootstrap analysis revealed that 16 clades were supported in !70% of the bootstrap iterations (Fig. 3) . Estimates of phylogenetic relationships based on the criterion of minimum evolution with Kimura 2-parameter corrected distances revealed a single shortest tree of length 0.814, with 22 clades receiving bootstrap support !70% (Fig.  3) . Difference between relationships based on minimum evolution as compared to maximum likelihood and unweighted parsimony involved clades not receiving strong bootstrap support (!70%) in any of the different analyses. Bayesian analysis reached stationarity at 13,000 generations, which reduced our data to 487,000 trees. Topology, posterior probabilities, and model parameters were in excellent agreement for all runs and the topology resulting from Bayesian analysis with the ''ssgamma'' option resulted in the same topology as that from the maximum-likelihood analysis (Fig. 2) , with 20 clades receiving posterior probabilities of !0.95 (Fig.  3) .
The topologies resulting from the 4 different analyses are identical for the major clades, with 2 exceptions. The tree obtained under the criterion of minimum evolution based on the Kimura 2-parameter distance matrix places T. pusillus as the sister group of T. pallidior, and positions the T. elegans sample from Peru outside of the T. elegans clade, thus making it the most basal member of the clade of drylands species of Thylamys (pusillus, elegans, and pallidior). As shown by the maximumlikelihood tree (Fig. 2) , T. macrurus is strongly differentiated from all other species of Thylamys sampled. A ''Yungas'' clade, comprised of 2 groups of T. venustus, is the sister group to the drylands species of Thylamys. In this latter clade of T. pusillus, T. elegans, and T. pallidior, T. pusillus is most basal. Within the T. elegans clade, the sample from Peru is positioned outside of the samples from Chile. T. pallidior is divided into 2 separate clades, 1 comprised of northern samples (Chile and Bolivia) and 1 comprised of southern samples (Argentina).
Each of the 4 methods we used to infer phylogenetic relationships has different strengths and weaknesses (Erixon et al. 2003; Huelsenbeck and Lander 2003; Swofford et al. 1996) . Thus, we consider only those clades that received bootstrap support !70%, Bayesian posterior probabilities of !0.95, or both in at least 3 of the 4 analyses to be strongly supported. The tree that depicts these phylogenetic relationships ( Fig. 3) shows that each of the major clades is strongly supported, but also reveals several unresolved polytomies. T. macrurus is strongly differentiated from all other species of Thylamys sampled. Individuals of T. venustus separate into 2 well-supported clades, although strong support for a ''Yungas'' clade was found in only 2 of the 4 analyses. The 2 venustus clades are sister to a strongly supported drylands clade (elegans, the elegans sample from Peru, pusillus, and pallidior). However, the relationship among these is an unresolved polytomy.
Percentage sequence divergences based on Kimura 2-parameter corrected distances were calculated within and among clades (Table 1; Fig. 3 ). Within clades with more than 1 individual, values for percentage sequence divergence ranged from 0.50% to 3.07%. In contrast to the low levels of divergence within clades, values between clades indicate substantial differentiation and range from 5.56% to 28.35%. The highest percentage sequence divergence values (20.81-28.35%) were between T. macrurus and all other clades, whereas the lowest sequence divergence value (5.56%) was between the 2 clades of T. pallidior. Between the 2 clades of T. venustus, the level of sequence divergence was 12.17%. Sequence divergence between T. pallidior and T. elegans was 10.02% and between T. pallidior and T. pusillus was 10.81%. T. elegans from Peru differed from T. elegans from Chile by 11.76%, whereas percentage divergences from T. pallidior and T. pusillus are slightly higher, 12.29% and 13.01%, respectively.
Estimates of times of divergence based on 5 different rates of evolution for the major clades are presented in Table 2 . Except for the somewhat higher date estimates based on the placental mammal 3rd-position transversion rates (Irwin et al. 1991) , the dates of divergence based on the fossil record generally are consistent irrespective of rate. The divergence between the northern T. pallidior and southern T. pallidior clades is relatively young, dating between 1 and 2 million years. The divergence between T. pallidior and T. pusillus is estimated to be older, ranging from 6 to 10 million years. Dates for the divergence of the ''venustus'' clades and ''elegans'' clades are similar and range from 5 to 8 million years. The T. macrurus lineage appears to be quite old, with divergence times between 17 and 26 million years.
FIG. 3.-Relationships for species of
Thylamys. This topology depicts only those clades receiving bootstrap support ! 70%, Bayesian posterior probabilities !0.95, or both for at least 3 of the 4 different methods of analysis (maximum likelihood, unweighted parsimony, minimum evolution, and Bayesian phylogenetics). Numbers associated with internal lineages reflect bootstrap support (percentage) from maximum likelihood and unweighted parsimony above the lineage, and minimum evolution followed by Bayesian posterior probabilities below the lineage.
DISCUSSION
Earlier studies (Kirsch and Palma 1995; Meynard et al. 2002; Palma and Yates 1998; Palma et al. 2002 ) based on allozymes, DNA hybridization, and cytochrome-b sequences confirmed the monophyly of the genus and elucidated some basic questions regarding relationships among taxa. An important contribution of these studies was support for recognition of T. elegans (west of the Andes) as distinct from T. venustus (east of the Andes). As noted in the introduction, however, previous investigations lacked a broad geographical representation of samples, especially from Argentina, which would have aided in more fully resolving relationships within, among, and between taxa. Results of our phylogenetic analysis of DNA sequences from the mitochondrial cytochrome-b gene provides new information that clarifies the systematic and biogeographic relationships of Thylamys. Below, we discuss the phylogenetics; each of the main Thylamys species groups, comparing them to previous research on the genus, and noting where differences and similarities exist among the various studies; and biogeography as is it relates to diversification and timing of divergence.
Phylogenetics of Thylamys.-Our analyses placed T. macrurus as the basal species of Thylamys and 1 of the most divergent lineages. A clade comprised of 2 distinct groups of T. venustus is sister to clades of T. pusillus, T. elegans (Peruvian clade and Chilean clade), and T. pallidior (a northern and a southern clade), with the latter taxa being sister. There is both concordance and contradictiton when comparing our results with phylogenetic studies based on morphology, DNA hybridization, allozymes, and mitochondrial cytochrome-b gene sequences.
By using morphology, Tate (1933) , in his monographic revision, separated taxa currently recognized as Thylamys into an elegans section (elegans, macrurus, pusillus, and janetta) and a pallidior section (velutinus, pallidior, and venustus). More recently, Solari (2003) proposed, as a ''first approach to natural groups,'' Brazilian (velutinus), Paraguayan (pusillus and macrurus), and Andean (elegans, tatei, pallidior, and venustus) groups. However, neither of these arrangements is congruent with the results obtained in the present study. Acknowledging the absence of T. velutinus, our phylogeny suggests Paraguayan (macrurus), Yungas (venustus and related taxa), Chacoan (pusillus), and Andean (elegans and related taxa, and pallidior) groups. The former 2 groups are comprised of the ''forest'' species and the latter 2 the ''drylands'' species.
There is general concordance among the phylogeny obtained in the present study with phylogenies derived from allozymes (Irwin et al. 1991) ; the remaining estimates are based on the fossil record (Reig et al. 1987 and other mtDNA data in the sister group relationship between T. elegans and T. pallidior. Further agreement is found for the division of T. venustus and T. pallidior each into 2 clades by the present study and DNA hybridization. There is less concordance, however, when comparing the relationships of T. macrurus, T. venustus, and T. pusillus. Each of the previous investigations presents a different phylogenetic arrangement of these taxa, but as discussed below, the differences may be a result of sampling. The most basal species was T. macrurus when using mtDNA data (present study; Palma et al. 2002) , T. pusillus when using DNA hybridization (Kirsch and Palma 1995) , and T. venustus when using allozymes (Palma and Yates 1998) . Allozymes also were unable to resolve the relationship between T. pusillus and T. macrurus. Limitations of the DNA hybridization data were acknowledged by Kirsch and Palma (1995:420) , who noted that ''our DNA-hybridization comparisons were not fully reciprocal and involved very few exemplars of most Thylamys taxa.'' Lack of agreement regarding T. pusillus may be the result of the use of a single sample of this taxon, which we excluded from our analyses. Species boundaries.-Examination of our data helps to evaluate the current systematics and taxonomy of the genus Thylamys, both as to the number of species and their geographic distributions, recognizing, however, the limitations of relationships based on a single type of molecular data. We discuss below each of the clades that emerged from our analysis, allocate each to the most applicable described taxon, comment on taxonomic history, and provide direction for future research.
Data for rainforest didelphid marsupials (Patton and Costa 2003) provide a source for comparison of sequence divergence within species and genera in order to evaluate species boundaries in Thylamys. Our low within-clade sequence divergence values (Table 1 ) are comparable to those reported for species of Didelphis, Philander, and some Micoureus, for example, and indicate little phylogenetic structure. In contrast, the extensive sequence divergence within some species found by Patton and Costa (2003) suggests that additional species are present. Sequence divergence between and among clades in our study (Table 1 ) also are comparable to the values for the 8 polytypic genera examined by Patton and Costa (2003) , although that for T. macrurus is slightly higher. Additionally, one of the advantages of examining DNA sequence variation of the mitochondrial cytochrome-b gene is the wealth of published data from other mammalian taxa that allows for direct comparisons of levels of sequence divergence among taxa with known relationships. By itself, DNA sequence variation may not be the best indicator of taxonomic distinctiveness, but when used in conjunction with a phylogenetic analysis, may provide insight into species boundaries (Bradley and Baker 2001) . Bradley and Baker (2001) Thylamys velutinus.-The relationship of T. velutinus to the other species of Thylamys remains hypothetical at present; we were unsuccessful in sequencing a sample of this species. A basal position, possibly derived from T. macrurus and related to T. pusillus, has been suggested (Gardner 1993, as karimii; Palma et al. 2002; Solari 2003) . However, relationships with T. pallidior (Petter 1968; Tate 1933 ) and a T. pallidior-T. pusillus clade also have been proposed (Palma 1995) . Palma (1995) examined the status of T. velutinus and Marmosa (Thylamys) karimii (Petter 1968 ) by using morphological characters and concluded that they were conspecific, with the name T. velutinus having precedence. T. velutinus currently is known to be distributed in the Cerrado and Caatinga of Brazil, and based on the limited available data and personal knowledge of the areas (M. A. Mares, in. litt.) , is found in the dry seasonal forests widely scattered throughout these habitats (Mares et al. 1981 (Mares et al. , 1989 Vieira and Palma 1996) . However, much remains to be discovered about the systematics, ecology, and natural history of this species.
Thylamys macrurus.-The distribution of T. macrurus is restricted to the subtropical moist forest (Parañá-Paraíba Interior Forest) east of the Paraguay River in Paraguay and perhaps adjacent Brazil (Solari 2003) ; a single specimen tentatively identified as this species has been reported from southeastern Bolivia (Anderson 1997) . Only the named form verax has been associated with T. macrurus. Originally described as a distinct species by Thomas (1921) , verax was recognized as a subspecies of macrurus by Tate (1933) , who described the distribution as the Chaco of northwestern Paraguay and possibly southeastern Bolivia. Based primarily on distribution, Cabrera (1958) placed verax in synonomy with pusillus, which is the present arrangement (see below). Because our study includes only a single sample of macrurus and only 1 sample of pusillus from outside of Argentina (which grouped with Argentine T. pusillus), we cannot evaluate the possibility of additional taxa being associated with T. macrurus. It is interesting to note, however, that some of the lack of concordance between our results and those of previous studies relates to a T. pusillus from southeastern Bolivia (GenBank accession number AF431927) that was not included in our analyses because we were not able to verify the identification. The inclusion of additional samples from Paraguay and Bolivia in future investigations will help clarify these relationships.
Thylamys venustus.-Three described taxa are associated with venustus-cinderella, janetta, and sponsorius. Each has been recognized at the specific or subspecific level based on morphology (e.g., Flores et al. 2000; Solari 2003; Tate 1933) , but no study to date has had samples from across the geographic range of T. venustus to examine the relationships among these taxa by using molecular data. Our analysis of 13 individuals from 12 localities, including individuals identified as sponsorius and cinderella by Flores et al. (2000) , found that they were partitioned into 2 clades (Fig. 3 ), each exhibiting a low level of within-clade divergence (0.50% and 1.23%; Table 1) , but a significant level of between-clade divergence (12.17%; Table 1 ). One clade is comprised of individuals from the northern and eastern Yungas localities (Bolivian Yungas); the 2nd is comprised of individuals from more southern and western Yungas localities (Southern Andean Yungas). These results do not support recognition of sponsorius as a distinct species or subspecies, as had been proposed previously (Flores et al. 2000; Tate 1933; Thomas 1926) . However, recognition of 2 distinct species, with .12% corrected sequence divergence between them seems warranted (Bradley and Baker 2001) , T. venustus for the 1st clade (with janetta tentatively included as a synonym but needing further study) and T. cinderella for the 2nd clade (with sponsorius as a synonym).
Thylamys pusillus.-Our analysis included 6 individuals of T. pusillus from 6 widely distributed (but mostly western) localities from the Chaco of Paraguay and Argentina; the T. pusillus sample (from Bolivia) available in GenBank (AF431927) was not included as we were unable to verify the identification of the specimen (see comments under ''Thylamys macrurus''). Little phylogeographic structure is evident, with only the sample from Paraguay being somewhat separated from the samples from Argentina (Fig. 3) . The level of divergence among the samples of pusillus is low (3.07%; Table 1), although the value was the highest of the within clade percentages. The range of T. pusillus includes the Chaco of eastern Bolivia, the pampas of Uruguay, and the Espinal and Patagonian Steppe of Argentina (but see comments under ''Thylamy pallidior'' regarding distribution in the Patagonian region). The lack of samples from the northern and eastern parts of the distribution does not allow us to assess nomenclatural issues of taxa placed in synonymy with pusillus (e.g., verax and citella). However, there has been little suggestion of geographic variation in this species, despite its extensive distribution and the potential isolating influences of the Paraná, Paraguay, or Uruguay rivers on the phylogeography of this species. This line of inquiry warrants additional investigation. Based on the distribution of samples that form the T. pusillus clade, Marmosa janetta pulchella (Cabrera 1934 ) from Robles, Santiago del Estero Province, which currently is a synonym of T. pallidior (Cabrera 1958; Gardner 1993) , should be referred to T. pusillus, as suggested by Flores et al. (2000) .
Thylamys elegans.-The present study does not provide data on new samples of elegans, but evaluates previously published data in relation to a broader sampling of other species of Thylamys. Specific separation of ''elegans-like'' animals from the western side of the Andes in Chile from those found east of the Andes was 1st proposed by Tate (1933) . Thomas (1902) and later Cabrera (1958) also recognized these as being different taxa, but as subspecies of elegans, rather than distinct species. Yates (1998), using allozymes, and Palma et al. (2002) , using mtDNA data, restricted T. elegans to Chile and referred eastern populations to T. venustus. This distributional pattern also has been found in Oligoryzomys longicaudatus (Gallardo and Palma 1990) and Phyllotis darwini (Spotorno and Walker 1983; Walker et al. 1984) . Our results confirm recognition of these Thylamys as 2 separate species. We found no samples from localities east of the Andes that grouped with T. elegans.
Thylamys from the coastal desert of Peru was described as T. tatei (Handley, 1956 (Handley, [1957 ), but later was placed in synonymy with elegans (Gardner 1993; Palma 1997 ) without comment. In 2 previous molecular studies, the relationship of tatei could not be resolved Palma et al. 2002) , although Palma et al. (2002) supported its recognition as a distinct species, as did Solari (2003) , based on morphology. In all our analyses, tatei grouped with elegans, although in only 2 were bootstrap values .70% (Fig. 3) . The high percentage sequence divergence between tatei and elegans (11.76%; Table 1 ) provides support for the recognition of tatei as a distinct species.
Several other names have been associated with this taxon, including coquimbensis and soricinus, which currently are recognized as subspecies (Palma 1997; Solari 2003; Tate 1933) . The available molecular data do not permit a detailed evaluation of the intraspecific relationships and status of these taxa. Clearly, additional specimens of Thylamys from Chile are needed to examine variation in T. elegans.
Thylamys pallidior.-Three described taxa have been associated with T. pallidior: bruchi, fenestrae, and pulchella (Gardner 1993) , although as discussed above, Marmosa janetta pulchella pertains to T. pusillus. T. pallidior exhibits the broadest geographic and elevational range of any species in the genus. It occurs in south-central Peru, northern Chile, western Bolivia, and much of central to western Argentina from sea level to more than 3,900 m. Consequently, it occurs in the widest range of habitats, including Southern Andean Steppe, lowland Argentine Monte Desert, Patagonian Steppe, desert, and Puna. Despite this extensive distribution, our analysis of 25 individuals from 24 localities found low levels of divergence among samples (1.88%; Table 1 ). However, some phylogeographic structure is present as indicated by the consistent grouping of samples from Chile and Bolivia separate from those from Argentina (Fig. 3) . Levels of percentage sequence divergence within elegans, pusillus, cinderella, and venustus range from 0.50% to 3.07% (Table 1) . However, percentage sequence divergence between the northern and southern clades of pallidior (5.56%) falls within the range of 2-11%. Bradley and Baker (2001) suggest further investigation to evaluate whether 2 distinct species exist. Therefore, pending more thorough taxonomic sampling, especially for the northern clade, we propose a conservative approach at this time and suggest recognition of these clades as subspecies of pallidior. The name T. pallidior pallidior (Thomas 1902-type locality Challapata, Oruro Province) is available for individuals from the northern part of the distribution and T. pallidior bruchi (Thomas 1921-type locality Alto Pencoso, San Luis Province) would be available for southern T. pallidior.
The lack of samples from southern and eastern Argentina does not permit clarification of the southeastern limits of the range of pallidior, especially as it relates to pusillus, and also does not permit an evaluation of the status of fenestrae (type locality Sierra de la Ventana, Buenos Aires Province-Marelli 1931). Although a more restricted distribution of the species was presented by Palma (1995) and Palma and Yates (1998) , examination of our data supports a distribution more similar to that of Tate (1933) and Mares and Braun (2000) . Specimens of Thylamys from the Argentine provinces of La Pampa, Neuquen, Buenos Aires, Rio Negro, and Chubut were considered to be pallidior by Mares and Braun (2000) and Gardner (1993) , but Birney et al. (1996) , based on morphometric data, suggested that 2 ''morphs or phena'' were present, 1 inhabiting the Monte Desert and the other the Patagonian Steppe. Clearly, additional specimens are needed from this region to resolve these questions, and the geographic region where the southern distributional limits of pusillus and pallidior are found should be a focus of more research.
Phylogeography.-Issues of rates and timing of molecular evolution in didelphid marsupials have been adequately addressed by Patton et al. (1996) and will not be repeated here. Although we followed the methods of Patton et al. (1996) in calculating rate estimates for mitochondrial DNA data, we acknowledge that some authors have hypothesized rates of about 2% per million years and possibly as great as 5% (e.g., Arbogast and Slowinski 1998) . Other limitations of our data as they relate to taxonomic and geographic sampling, and the inadequacy of the fossil record are recognized; however, our data provide new information on the timing of the radiation within the genus Thylamys that is available for future comparison and evaluation.
Divergence estimates calculated in the present study coincide with the increased diversity of didelphid marsupials observed in the fossil record beginning about the middle Miocene (12 million years ago [mya]- Marshall and Cifelli 1990; Reig et al. 1987) . Fossils assignable to extant genera are known from the Pliocene, 5-1.9 mya (Thylamys- Reig et al. 1987 ) and Miocene, 23-5 mya (Marmosops-Marshall 1976; and Micoureus-Goin 1997) . The estimates also correspond to those published for some other marsupials based on molecular data (e.g., Marmosops-Mustrangi and Patton 1997), but contrast strongly with times previously given for Thylamys (e.g., Palma et al. 2002) . Palma et al. (2002) calibrated times since divergence within Thylamys ranging between 42,000 and 247,000 years ago versus 1-26 mya found in the present study; it is possible that the more recent times are the result of a calculation error because they appear to be off by a factor of 100.
Our dates suggest divergence extending from the Miocene to the mid-to early Pleistocene, rather than late Pleistocene (Table  2) , with an emphasis on alternating glacial and interglacial cycles that had been hypothesized previously (Palma 1995; Palma and Yates 1998; Palma et al. 2002) . Results of the present study suggest the following hypothesis for the radiation of the genus Thylamys, which in general, shows taxa increasingly adapted to arid and semiarid habitats (Fig. 4 ) that developed as a result of changes in geology and climate (Janis 1993; Potts and Behrensmeyer 1992; Solbrig 1976) . The Miocene of South America was characterized by forests (tropical and paratropical) and woodlands (subtropical and temperate) that covered most of the continent. The uplift of the Andes (and pre-Andean chains) began during the middle Miocene and the climate became cooler and drier, resulting in the expansion of the woodlands and savannas and the constriction of the forests. T. macrurus, the most basal and divergent taxon in the phylogenetic analysis, presently is restricted to the Parañá-Paraíba Interior Forest. This forest likely is a remnant of the once broadly distributed Miocene forests that were isolated during this period.
It can be hypothesized that the expansion of the woodlands, including Solbrig's (1976) ''Chaco Dominion,'' and savannas in southern and eastern South America isolated the ancestor of T. venustus and T. cinderella in the temperate woodlands on the eastern slopes of the developing Andes. The differentiation of T. venustus and T. cinderella likely corresponds to a change in the vegetation pattern as a result of climatic changes, with the former being located in the Bolivian Yungas and the latter in the Southern Andean Yungas, although the current distributions do not attain complete correspondence with these habitats. The inclusion and evaluation of janetta, which possibly is restricted to the Bolivian Montane Dry Forests, in an analysis would increase our understanding of the diversification of these taxa of forest Thylamys.
The ancestor of T. pusillus, T. elegans, T. tatei, and T. pallidior originated in the drier woodlands and savannas to the east. T. pusillus probably evolved from the Thylamys isolated in the Chaco by the development of the semidesert in southern middle South America during the Pliocene (Fig. 4) . Examination of our data suggests that Thylamys of the semidesert were separated into eastern and western populations by the late Miocene-early Pliocene, about the time the Andes reached their present height. West of the Andes, differentiation of T. elegans and T. tatei may be explained by the increasing aridity in the area of northern Chile and southern Peru, which formed the Atacama Desert. Thus, T. elegans was restricted primarily to the Chilean Matorral and T. tatei to the coastal desert habitat of Peru, both separated by the Atacama Desert. East of the Andes, T. pallidior originated from Thylamys of the semidesert. The times of divergence of the 2 clades of T. pallidior indicated in the phylogeny date to the Pleistocene (Table 2) , a period of alternating interglacial and glacial cycles, and uplift of the high plateau known as the Puna. Northern T. pallidior presently is distributed in various habitats of the Puna, including the Central Andean Puna, Dry Puna, and Wet Puna, Atacama Desert, and the coastal desert of Peru. In contrast, southern T. pallidior is found in the Southern Andean Steppe, Argentine Monte Desert, and Patagonian Steppe, habitats that are quite different geologically and floristically from the puna environments; it also occurs in the southern portions of the Central Andean Puna, and the Central Andean Dry Puna. Despite well-documented Pleistocene environmental changes, little to no phylogeographic structure was indicated within the southern T. pallidior.
